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(54) Arrangement for tightening a stack of fuel cell elements 



(57) A fuel cell stack has a plurality of fuel cells (1 4), 
separators (16), (18) sandwiching each of the fuel cells 
(14), and first and second end plates (58), (60) disposed 
on respective opposite ends of the plurality of fuel cells 
(14). A fastening structure (10) incorporated in the fuel 
cell stack has a liquid chamber (62) disposed on an out- 



er surface (58a) of the first end plate (58), a silicone oil 
(64) filled in the liquid chamber (62), and a pressurizing 
mechanism (66) disposed on an outer surface (60a) of 
the second end plate (60), for pressing the fuel cells (1 4) 
toward the first end plate (58). The plurality of fuel cells 
(1 4) is given a uniform surface pressure, and can be re- 
duced in weight and made compact. 
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Description 

[0001] The present invention relates to a fastening 
structure for fuel cell stack of fuel cells each comprising 
an anode electrode and a cathode electrode which are 5 
disposed in facing relation to each other across an elec- 
trolyte interposed therebetween, the fuel cells being 
stacked with separators interposed therebetween and 
end plates disposed on respective opposite ends of the 
plurality of fuel cells. 10 
[0002] There has been well known a fuel cell stack 
comprising a plurality of fuel cells alternating with sep- 
arators and each comprising an anode electrode and a 
cathode electrode which are disposed in facing relation 
to each other across a solid polymer electrolyte mem- is 
brane interposed therebetween. The known fuel cell 
stack operates as follows: A hydrogen containing gas, 
i.e., a fuel gas, supplied to the anode electrode is con- 
verted into hydrogen ions on a catalytic electrode, and 
the hydrogen ions move through the solid polymer elec- 20 
trolyte membrane, which is appropriately humidified, to- 
ward the cathode electrode. Electrons which are gener- 
ated in connection with the movement of the hydrogen 
ions are supplied to an external circuit for use as DC 
electric energy. Since the cathode electrode is supplied 25 
with an oxidizing gas such as an oxygen gas or air, the 
hydrogen ions, the electrons, and the oxygen react into 
water on the cathode electrode. 
[0003] If the contact resistance in the fuel cells in- 
creases, then the internal resistance causes an in- 30 
creased loss, resulting in a drop in the voltage across 
the fuel cell stack. Therefore, it is necessary to exert de- 
sired fastening forces to the fuel cells for thereby uni- 
formizing the pressure applied to the electrode surfaces 
in order to reduce the contact resistance. 3S 
[0004] Japanese laid-open patent publication No. 
58-164168, for example, discloses a fuel cell stack 
which comprises stacked cell blocks each comprising a 
stack of unit cells alternating with separator plates, rigid 
intermediate plates interposed between the cell blocks, 40 
and a pair of end plates placed on respective opposite 
ends of the cell block stack. The stacked cell blocks are 
fastened together by bolts extending through the sepa- 
rator plates and the end plates. Sealed receptacles that 
are filled with a liquid are inserted between the interme- 
diate and end plates and the cell blocks. The sealed re- 
ceptacles are of a size large enough to cover the entire 
end surfaces of the corresponding cell blocks and have 
flexible end walls held in contact with those cell blocks. 
The sealed receptacles are held in fluid communication so 
with each other by conduits. 

[0005] However, the disclosed fuel cell stack suffers 
a disadvantage in that since the liquid-filled sealed re- 
ceptacles are inserted between the intermediate and 
end 69765.603 plates and the cell blocks, passages for ss 
a hydrogen containing gas, an oxidizing gas, and a cool- 
ant to be supplied to the cell blocks cannot be defined 
in the intermediate and end plates and the cell blocks. 



Therefore, the fuel cell stack needs to have additional 
passages, extending around the intermediate and end 
plates and the cell blocks, for passing a hydrogen con- 
taining gas, an oxidizing gas, and a coolant. As a result, 
the fuel cell stack is relatively complex in entire struc- 
ture, and cannot be reduced in weight and made com- 
pact. 

[0006] Furthermore, the cell blocks are associated 
with the respective liquid-filled sealed receptacles which 
communicate with each other. Consequently, it is not 
possible to control the fastening forces individually for 
the respective cell blocks. 

[0007] The present invention provides a fastening 
structure for a fuel cell stack having a plurality of fuel 
cells each comprising an electrolyte and anode and 
cathode electrodes, sandwiching the electrolyte, sepa- 
rators, sandwiching each of the fuel cells, and end 
plates, disposed on respective opposite ends of the plu- 
rality of fuel cells, said fastening structure comprising: 

a liquid chamber disposed on an outer surface of at 
least one of the end plates remote from an inner 
surface thereof which faces the fuel cells; 
a surface-pressure generating liquid filled in said 
liquid chamber; and 

pressurizing means disposed on an outer surface 
of the other end plate remote from an inner surface 
thereof which faces the fuel cells, for pressing said 
fuel cells toward said one of the end plates. 

[0008] Thus at least in its preferred forms the present 
invention provides a fastening structure for a fuel cell 
stack, which is suitable to make the fuel cell stack light- 
weight and compact and is capable of reliably imparting 
optimum fastening forces to the fuel cell stack. 
[0009] Some preferred embodiments of the invention 
will now be described by way of example only and with 
reference to the accompanying drawings, in which: 

FIG. 1 is a horizontal cross-sectional view of a fuel 
cell stack which incorporates a fastening structure 
according to a first embodiment of the present in- 
vention; 

FIG. 2 is an exploded perspective view of a fuel cell 
of the fuel cell stack shown in FIG. 1; 
FIG. 3 is a perspective view of a backup plate of the 
fastening structure according to the first embodi- 
ment of the present invention; 
FIG. 4 is a fragmentary horizontal cross-sectional 
view of a fastening structure according to a second 
embodiment of the present invention; 
FIG. 5 is a fragmentary horizontal cross-sectional 
view of a fastening structure according to a third em- 
bodiment of the present invention; 
FIG. 6 is a fragmentary horizontal cross-sectional 
view of a fastening structure according to a fourth 
embodiment of the present invention; 
FIG. 7 is a horizontal cross-sectional view of a fuel 
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cell stack which incorporates a fastening structure 
according to a fifth embodiment of the present in- 
vention; and 

FIG. 8 is a horizontal cross-sectional view of a fuel 
cell stack which incorporates a fastening structure 
according to a sixth embodiment of the present in- 
vention. 

FIG. 9 is a fragmentary horizontal cross-sectional 

view of a fastening structure according to a seventh 

embodiment of the present invention; 

FIG. 10 is a fragmentary horizontal cross-sectional 

view of a fastening structure according to an eighth 

embodiment of the present invention; and 

FIG. 11 is a fragmentary horizontal cross-sectional 

view of a fastening structure according to a ninth 

embodiment of the present invention. 

[0010] As shown in FIG. 1 , a fuel cell stack 12 incor- 
porates a fastening structure 10 according to a first em- 
bodiment of the present invention. 
[0011] In FIG. 1, the fuel cell stack 12 comprises a 
horizontal stack of fuel cells 1 4 each sandwiched be- 
tween first and second separators 16, 18. 
[0012] As shown in FIG. 2, each of the fuel cells 14 
comprises a solid polymer electrolyte membrane 20, an 
anode electrode 22 and a cathode electrode 24 which 
are disposed respectively on opposite surfaces of the 
solid polymer electrolyte membrane 20, and first and 
second gas diffusion layers 23, 25, each comprising a 
porous layer such as of carbon paper, disposed respec- 
tively on the anode electrode 22 and the cathode elec- 
trode 24. 

[0013] The structure of each of the fuel cells 14 will 
be described in detail below with reference to FIG. 2. 
[0014] The solid polymer electrolyte membrane 20 
has defined in an upper region thereof a hole 26a for 
passing a fuel gas such as a hydrogen containing gas 
therethrough, a hole 26b for passing a coolant there- 
through, and an oblong hole 26c for passing oxidizing 
gas such as air therethrough. The solid polymer elec- 
trolyte membrane 20 has defined in a lower region there- 
of a hole 28a for passing the fuel gas therethrough, a 
hole 28b for passing the coolant therethrough, and an 
oblong hole 28c for passing an oxidizing gas there- 
through. The solid polymer electrolyte membrane 20 al- 
so has positioning holes 30a, 30b defined respectively 
in the upper and lower regions thereof. 
[0015] The first separator 16, which comprises a 
plate, has defined in an upper region thereof a hole 32a 
for passing the fuel gas therethrough, a hole 32b for 
passing the coolant therethrough, and an oblong hole 
32c for passing the oxidizing gas therethrough. The first 
separator 1 6 has defined in a lower region thereof a hole 
34a for passing the fuel gas therethrough, a hole 34b 
for passing the coolant therethrough, and an oblong 
hole 34c for passing the oxidizing gas therethrough. The 
first separator 16 also has positioning holes 36a, 36b 
defined respectively in the upper and lower regions 



thereof. 

[001 6] The first separator 1 6 has a surface 1 6a facing 
the anode electrode 22. The surface 16a has a plurality 
of parallel vertical grooves 38 defined therein and com- 

s municating with the holes 32a, 34a for passing the fuel 
gas therethrough. The grooves 38 serve as a passage 
for passing the fuel gas from the hole 32a toward the 
hole 34a. The fuel gas is supplied through the grooves 
38 to the anode electrode 22. The first separator 1 6 has 

10 an opposite surface 16b facing away from the anode 
electrode 22. The surface 16b has a plurality of parallel 
vertical grooves 40 defined therein and communicating 
with the holes 32b, 34b for passing the coolant there- 
through. 

15 [0017] The second separator 18, which also compris- 
es a plate, has defined in an upper region thereof a hole 
42a for passing the fuel gas therethrough, a hole 42b 
for passing the coolant therethrough, and an oblong 
hole 42c for passing the oxidizing gas therethrough. The 

20 second separator 1 8 has defined in a lower region there- 
of a hole 44a for passing the fuel gas therethrough, a 
hole 44b for passing the coolant therethrough, and an 
oblong hole 44c for passing the oxidizing gas there- 
through. The second separator 18 also has positioning 

2* holes 46a, 46b defined respectively in the upper and 
lower regions thereof. 

[0018] The second separator 18 has a surface 18a 
facing the cathode electrode 24. The surface 18a has a 
plurality of parallel vertical grooves 48 defined therein 

30 and communicating with the holes 42c, 44c for passing 
the oxidizing gas therethrough. The oxidizing gas is sup- 
plied through the grooves 48 to the cathode electrode 
24. The second separator 18 has an opposite surface 
1 8b facing away from the cathode electrode 24. The sur- 

35 face 18b has a plurality of parallel vertical grooves 50 
defined therein and communicating with the holes 42b, 
44b for passing the coolant therethrough. The grooves 
50 in the second separator 1 8 and the grooves 40 in the 
first separator 1 6 jointly serve as a passage for the cool- 

40 ant. 

[0019] As shown in FIG. 1, terminal plates 52a, 52b 
are disposed on respective ends of the horizontal stack 
of fuel cells 14. The terminal plates 52a, 52b are elec- 
trically connected to a load 54 for supplying electric en- 

^5 ergy discharged from the fuel cells 14 to the load 54. 
[0020] Insulating plates 56a, 56b are held against the 
respective terminal plates 52a, 52b remotely from the 
fuel cells 14, and first and second end plates 58, 60 are 
held against the respective first and second end plates 

so 56a, 56b remotely from the terminal plates 52a, 52b. 
The first and second end plates 56a, 56b have holes 
(not shown) for supplying the fuel gas, the oxidizing gas, 
and the coolant to and discharging the fuel gas, the ox- 
idizing gas, and the coolant from the stacked fuel cells 

55 14. These holes in the first and second end plates 56a, 
56b are connected to external devices (not shown). 
[0021] The fastening structure 10 comprises a liquid 
chamber 62 disposed against an outer surface 58a of 
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the first end plate 58 remote from an inner surface there- 
of which faces the fuel cells 14, a noncompressible sur- 
face-pressure generating liquid 64 such as silicone oil 
filled in the liquid chamber 62, and a pressurizing mech- 
anism 66 held against an outer surface 60a of the sec- 
ond end plate 60 remote from an inner surface thereof 
which faces the fuel cells 14, for pressing the fuel cells 
14 toward the first end plate 58. 
[0022] A backup plate 68 is positioned next to the liq- 
uid chamber 62, which is sandwiched between the back- 
up plate 68 and the first end plate 58. The backup plate 
68 is thinner than the first end plate 58 and more flexible 
than the first end plate 58. A flexible metal sheet 70 such 
as a thin aluminum sheet is fixed by welding, brazing, 
or adhesive bonding to an inner surface of the backup 
plate 68 which faces the first end plate 58. The liquid 
chamber 62 is defined between the flexible metal sheet 
70 and the backup plate 68. 

[0023] As shown in FIG. 3, the backup plate 68, which 
is of a rectangular shape, has a liquid inlet port 72 de- 
fined therein at one corner thereof and opening at an 
outer surface thereof, for filling the silicone oil 64 into 
the liquid chamber 62. The liquid inlet port 72 is usually 
closed by a sealing washer 74 and a sealing bolt 76. 
The backup plate 68 also has a sensor attachment port 
78 defined therein at a position diagonally opposite to 
the liquid inlet port 72, and a pressure sensor 82 is 
mounted in the sensor attachment port 78 by a washer 
80. The pressure sensor 82 serves to detect the pres- 
sure of the silicone oil 64 in the liquid chamber 62. The 
backup plate 68 has four bolt holes 84 defined in the 
respective corners thereof. 

[0024] As shown in FIG. 1, the pressurizing mecha- 
nism 66 comprises a pair of disc springs 86 having one 
end held against the outer surface 60a of the second 
end plate 60. An attachment plate 88 is disposed against 
an opposite end of the disc springs 86. The attachment 
plate 88, which is of a rectangular shape, has four bolt 
holes 90 defined in the respective corners thereof. Bolts 
92 are inserted from the bolt holes 84 in the backup plate 
68 into the bolt holes 90 in the attachment plate 88. Nuts 
94 are threaded over respective externally threaded 
ends of the bolts 92 near the attachment plate 88. While 
the pressurizing mechanism 66 comprises the single 
pair of disc springs 86 in the illustrated embodiment, the 
pressurizing member 66 may comprise two or more 
pairs of disc springs 86. 

[0025] Operation of the fastening structure 1 0 accord- 
ing to the first embodiment will be described below. 
[0026] The fuel cells 14 combined with the first and 
second separators 16, 18 are stacked, and the terminal 
plates 52a, 52b, the insulating plates 56a, 56b, and the 
first and second end plates 58, 60 are placed against 
the opposite ends of the plurality of the fuel cells 1 4. The 
backup plate 68 is positioned in place with the liquid 
chamber 62 held against the outer surface 58a of the 
first end plate 58. The disc springs 86 and the attach- 
ment plate 88 are positioned in place on the outer sur- 



face 60a of the second end plate 60. 
[0027] The bolts 92 are inserted from the bolt holes 
84 in the backup plate 68 into the bolt holes 90 in the 
attachment plate 88. Then, the nuts 94 are threaded 
5 over the respective externally threaded ends of the bolts 
92 near the attachment plate 88. The stacked fuel cells 
14 are now firmly fastened between the backup plate 68 
and the attachment plate 88. Specifically, each of the 
bolts 92 exerts a fastening load of 500 kg, and the sili- 
io cone oil 64 which is sealed in the liquid chamber 62 has 
a pressure ranging from 6 to 7 kg/cm 2 while the fuel cell 
stack 12 is in operation. The anode and cathode elec- 
trodes 22, 24 of each of the fuel cells 14 each have a 
surface area of 1 50 mm X 1 50 mm. 
is [0028] When the fuel gas flows through the grooves 
38 of each of the first separators 1 6, the fuel gas is sup- 
plied to the anode electrode 22 of each of the fuel cells 
14. When the oxidizing gas flows through the grooves 
48 of each of the second separators 18, the oxidizing 
20 gas is supplied to the cathode electrode 24 of each of 
the fuel cells 1 4. The coolant is supplied to the grooves 
40, 50 of the first and second separators 16,18 for cool- 
ing the fuel cells 14 to a predetermined temperature. 
Electrons are generated in the fuel cells 14 and flow 
2S through the terminal plates 52a, 52b to the load 54 
where they are utilized as DC electric energy. 
[0029] According to the first embodiment, the liquid 
chamber 62 is positioned against the outer surface 58a 
of the first end plate 58 with the flexible metal sheet 70 
30 interposed therebetween, and the pressure of the sili- 
cone oil 64 filled in the liquid chamber 62 uniformly 
presses the first end plate 58 against the plurality of the 
fuel cells 14. Therefore, the first end plate 58 applies a 
uniform surface pressure to the first and second sepa- 
ls rators 16, 18 for thereby imparting desired fastening 
forces to each of the fuel cells 14, which is capable of 
efficiently maintaining a desired level of performance for 
electric energy generation. 

[0030] Even if the backup plate 68 is deformed under 

40 the pressure of the silicone oil 64 in the liquid chamber 
62, the silicone oil 64 can apply a uniform surface pres- 
sure to the first end plate 58. Therefore, the backup plate 
68 may be considerably thin. The presence of the back- 
up plate 68 allows the first end plate 58 to be also thin. 

45 As a consequence, the fuel cell stack 1 2 can be reduced 
in weight and made compact as a whole. 
[0031] Since the liquid chamber 62 is positioned on 
the outer surface 58a of the first end plate 58, the first 
end plate 58 may have various holes for supplying the 

so fuel gas, the oxidizing gas, and the coolant to the fuel 
cells 1 4. Accordingly, the fuel cell stack 1 2 can effective- 
ly be simplified in overall structure. 
[0032] The disc springs 86 are disposed on the outer 
surface 60a of the second end plate 60. The disc springs 

55 86 are effective in uniformly pressurizing the second end 
plate 60 toward the first end plate 58, and also in effec- 
tively absorbing the difference between an expansion of 
the fuel cell stack structural body including the fuel cells 



4 



7 EP 0 936 689 A1 



8 



1 4 and an expansion of the bolts 92 due to their different 
coefficients of expansion. 

[0033] The pressure of the silicone oil 64 in the liquid 
chamber 62 is detected by the pressure sensor 82 
mounted on the backup plate 68. The amount of the sil- 
icone oil 64 in the liquid chamber 62 may be adjusted 
on the basis of the pressure of the silicone oil 64 in the 
liquid chamber 62 which is detected by the pressure 
sensor 82. 

[0034] FIG. 4 fragmentarily shows a fastening struc- 
ture 100 according to a second embodiment of the 
present invention. Those parts of the fastening structure 
100 which are identical to those of the fastening struc- 
ture 10 according to the first embodiment are denoted 
by identical reference characters, and will not be de- 
scribed in detail below. 

[0035] In the fastening structure 100, partly spherical 
washers 102 and partly spherical seats 104 are dis- 
posed between bolts 92a of the bolts 92 and the backup 
plate 68. When the bolts 92 are fastened to pressurize 
the fuel cells 14, the backup plate 68 is flexed outwardly 
with its corners retained in place by the partly spherical 
washers 102 and the partly spherical seats 104. Since 
the partly spherical washers 1 02 and the partly spherical 
seats 104 permit the corners of the backup plate 68 to 
be angularly displaced with respect to the bolts 92, they 
prevent the backup plate 68 from developing undue 
stresses at the corners thereof near the bolts 92. There- 
fore, the backup plate 68 is protected from damage due 
to such undue stresses. 

[0036] FIG. 5 fragmentarily shows a fastening struc- 
ture 1 20 according to a third embodiment of the present 
invention. 

[0037] As shown in FIG. 5, a flexible metal sheet 1 24 
such as a thin aluminum sheet is fixed by welding, braz- 
ing, or adhesive bonding to an outer surface 1 22a of an 
end plate 1 22. A liquid chamber 1 26 filled with a silicone 
oil 64 is defined between the flexible metal sheet 124 
and the end plate 122. A backup plate 128 is positioned 
next to the liquid chamber 1 26, which is sandwiched be- 
tween the backup plate 128 and the outer surface 122a 
of the end plate 122. The backup plate 128 is pressed 
toward the end plate 122 by bolts 92. A uniform surface 
pressure is applied to the end plate 122 by the silicone 
oil 64 in the liquid chamber 1 26. The fastening structure 
1 20 offers the same advantages as those of the fasten- 
ing structure 10 according to the first embodiment. 
[0038] FIG. 6 fragmentarily shows a fastening struc- 
ture 140 according to a fourth embodiment of the 
present invention. 

[0039] As shown in FIG. 6, a liquid chamber 1 48 de- 
fined by a separate hollow rectangular enclosure made 
of a flexible metal sheet 146 such as a thin aluminum 
sheet is interposed between an end plate 142 and a 
backup plate 144. The liquid chamber 148 is filled with 
a silicone oil 64. The fastening structure 140 offers the 
same advantages as those of the fastening structure 1 0 
according to the first embodiment. 



[0040] FIG. 7 fragmentarily shows a fuel cell stack 151 
which incorporates a fastening structure 150 according 
to a fifth embodiment of the present invention. Those 
parts of the fuel cell stack 151 which are identical to 
5 those of the fuel cell stack 12 shown in FIG. 1 are de- 
noted by identical reference characters, and will not be 
described in detail below. 

[0041] As shown in FIG. 7, the fastening structure 150 
has a relatively thick backup plate 152, and the liquid 

10 chamber 62 is defined by the flexible metal sheet 70 
fixed to an inner surface 152a of the backup plate 152. 
An inner pressure control unit 1 54 comprising a bellows 
156 has an end fixed to an outer surface 152b of the 
backup plate 152. The bellows 156 has an inner pres- 

is sure regulating chamber 158 defined therein which 
communicates with the liquid chamber 62 through an 
opening 152c defined in the backup plate 152. The bel- 
lows 156 has an opposite end closed by a cap 159. 
[0042] When the fuel cell stack 1 51 is in operation, the 

20 silicone oil 64 filled in the liquid chamber 62 is expanded 
with heat. At this time, a portion of the expanded silicone 
oil 64 flows from the liquid chamber 62 into the inner 
pressure regulating chamber 158 in the bellows 156, 
which is then flexibly expanded in the direction indicated 

2S by the arrow to increase its volume. Therefore, the bel- 
lows 1 56 can effectively take up the expansion of the 
silicone coil 64. 

[0043] Consequently, even when there is an unwant- 
ed pressure buildup in the liquid chamber 62, the fuel 
cell stack 151 is prevented from damage, and the con- 
tact resistance of the fuel cell stack 151 is prevented 
from suffering an undue increase which would otherwise 
be caused by an increased fastening load due to the 
unwanted pressure buildup in the liquid chamber 62. 

35 Desired fastening forces are reliably applied to the fuel 
cell stack 151 for efficiently maintaining a desired level 
of performance for electric energy generation. 
[0044] FIG. 8 fragmentarily shows a fuel cell stack 162 
which incorporates a fastening structure 160 according 

^0 to a sixth embodiment of the present invention. Those 
parts of the fuel cell stack 162 which are identical to 
those of the fuel cell stack 12 shown in FIG. 1 are de- 
noted by identical reference characters, and will not be 
described in detail below. 

45 [0045] The fastening structure 1 60 has a liquid cham- 
ber 1 64 disposed on the outer surface 60a of the second 
end plate 60, a noncompressible surface-pressure gen- 
erating liquid 166 such as silicone oil filled in the liquid 
chamber 164, and a backup plate 168 positioned next 

so to the liquid chamber 1 64, which is sandwiched between 
the backup plate 168 and the second end plate 60. 
[0046] A flexible metal sheet 170 such as a thin alu- 
minum sheet is fixed by welding, brazing, or adhesive 
bonding to an inner surface of the backup plate 168 

55 which faces the second end plate 60. The liquid cham- 
ber 164 is defined between the flexible metal sheet 170 
and the backup plate 168. A pressurizing mechanism 
66 disposed between the backup plate 168 and the at- 
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tachment plate 88 comprises four pairs of disc springs 
172, for example. 

[0047] When the backup plate 168 and the attach- 
ment plate 88 are fastened to each other by the bolts 
92, the first end plate 58 is pressed under the pressure 
of the silicone oil 64 in the liquid chamber 62, and the 
second end plate 60 is pressed under the pressure of 
the silicone oil 166 in the liquid chamber 164. Therefore, 
a uniform surface pressure is applied to the fuel cells 1 4 
and the first and second separators 16, 18 which are 
stacked between the first and second end plates 58, 60. 
Accordingly, the contact resistance of the fuel cell stack 
162 is effectively reduced to maintain a desired level of 
performance for electric energy generation. 
[0048] FIG. 9 fragmentarily shows a fastening struc- 
ture 180 according to a seventh embodiment of the 
present invention. 

[0049] As shown in FIG. 9, the fastening structure 180 
has a backup plate 182 and a thin aluminum sheet 184 
fixed to a surface of the backup plate 182 which faces 
a first end plate 58. A liquid chamber 186 is defined be- 
tween the thin aluminum sheet 1 84 and the backup plate 
182. The liquid chamber 186 is filled with silicone oil 64. 
The backup plate 182 has a cavity 188 defined therein 
which has a predetermined depth, in the transverse di- 
rection of the backup plate 182, from the surface of the 
backup plate 1 82 which faces a first end plate 58. A bel- 
lows 190 is disposed in the cavity 188. The bellows 190 
has a closed end facing the liquid chamber 1 86 and de- 
fines a gas chamber 192 between itself and the bottom 
of the cavity 188. 

[0050] When the silicone oil 64 filled in the liquid 
chamber 186 is expanded with heat, the silicone oil 64 
increases its volume thereby to press the closed end of 
the bellows 190 into the cavity 188. Therefore, the bel- 
lows 190 is elastically deformed into the cavity 188, re- 
ducing the volume of the gas chamber 192 and hence 
increasing the volume of the liquid chamber 186. Con- 
sequently, the bellows 190 can effectively take up the 
expansion of the silicone oil 64 to maintain a desired 
level of performance for electric energy generation. 
[0051] FIG. 10 fragmentarily shows a fastening struc- 
ture 200 according to an eighth embodiment of the 
present invention. 

[0052] As shown in FIG. 10, the fastening structure 
200 has a backup plate 202 having a stepped hole 204 
defined transversely therethrough, and an accumulator 
206 securely mounted on the backup plate 202 and po- 
sitioned in the stepped hole 204. The accumulator 206 
comprises an accumulator dome 210 fastened by bolts 
208 to a large-diameter shoulder of the stepped hole 
204, and an elastic bladder 21 2 having an outer circum- 
ferential edge fastened between the accumulator dome 
21 0 and the large-diameter shoulder of the stepped hole 
204. The bladder 212 and the accumulator dome 210 
jointly define a gas chamber 214 therebetween. A thin 
aluminum sheet 218 is fixed to a surface of the backup 
plate 202 which faces a first end plate 58. A liquid cham- 



ber 21 6 filled with silicone oil 64 is defined between the 
thin aluminum sheet 184 and the backup plate 182. The 
bladder 212 faces the liquid chamber 216. 
[0053] When the silicone oil 64 filled in the liquid 
5 chamber 216 is expanded with heat, the silicone oil 64 
increases its volume and presses the bladder 212 to- 
ward the accumulator dome 210, reducing the volume 
of the gas chamber 214 and hence increasing the vol- 
ume of the liquid chamber 216. Consequently, the blad- 
der 212 can effectively take up the expansion of the sil- 
icone oil 64 to maintain a desired level of performance 
for electric energy generation. 

[0054] FIG. 1 1 fragmentarily shows a fastening struc- 
ture 220 according to a ninth embodiment of the present 
invention. 

[0055] As shown in FIG. 11, the fastening structure 
220 has a backup plate 222 and a thin aluminum sheet 
224 fixed to a surface of the backup plate 222 which 
faces a first end plate 58. A liquid chamber 226 is de- 
fined between the thin aluminum sheet 224 and the 
backup plate 222. The liquid chamber 226 is filled with 
silicone oil 64. The liquid chamber 226 is connected to 
an accumulator 230 through a through hole 228 defined 
centrally in the backup plate 222. The accumulator 230 
comprises a spherical casing 234 having a tube 232 ex- 
tending radially outwardly into and fixed in the through 
hole 228, and an elastic partition 236 disposed in the 
spherical casing 234. The elastic partition 236 divides 
the interior space of the spherical casing 234 into a gas 
chamber 238 and another chamber which communi- 
cates with the liquid chamber 226 through the through 
hole 228. 

[0056] When the silicone oil 64 filled in the liquid 
chamber 226 is expanded with heat, the silicone oil 64 
increases its volume and presses the partition 236, re- 
ducing the volume of the gas chamber 238. Conse- 
quently, the partition 236 can effectively take up the ex- 
pansion of the silicone oil 64 to maintain a desired level 
of performance for electric energy generation. 
[0057] With the arrangement of the present invention, 
the liquid chamber is disposed on the outer surface of 
at least one of the end plates positioned on the respec- 
tive opposite ends of the plurality of the fuel cells, and 
the liquid filled in the liquid chamber applies a uniform 
surface pressure to the fuel cells. Consequently, the per- 
formance of the fuel cells is effectively maintained at a 
desired level. The end plates can have defined therein 
holes or passages for the fuel gas, the oxidizing gas, 
and the coolant. The fuel cell stack can thus be reduced 
in weight and made compact as a whole. 
[0058] Although certain preferred embodiments of the 
present invention have been 6hown and described in 
detail, it should be understood that various changes and 
modifications may be made therein without departing 
from the scope of the appended claims. 



75 



20 



25 



30 



35 



40 



45 



50 



6 



11 EP 0 936 689 A1 



12 



Claims 

1. A fastening structure for a fuel cell stack having a 
plurality of fuel cells (14) each comprising an elec- 
trolyte (20) and anode and cathode electrodes (22), 
(24) sandwiching the electrolyte (20), separators 
(16), (18) sandwiching each of the fuel cells (14), 
and end plates (58), (60) disposed on respective 
opposite ends of the plurality of fuel cells (14), said 
fastening structure comprising: 

a liquid chamber (62) disposed on an outer sur- 
face (58a) of at least one of the end plates (58) 
remote from an inner surface thereof which fac- 
es the fuel cells (14); 

a surface-pressure generating liquid (64) filled 
in said liquid chamber (62); and 
pressurizing means (66) disposed on an outer 
surface (60a) of the other end plate (60) remote 
from an inner surface thereof which faces the 
fuel cells (14), for pressing said fuel cells (14) 
toward said one of the end plates (58). 

2. A fastening structure according to claim 1, further 
comprising: 

a backup plate (68) positioned next to said liq- 
uid chamber (62), said liquid chamber (62) be- 
ing sandwiched between said backup plate (68) 
and said one of the end plates (58), said backup 
plate (68) being more flexible than said one of 
the end plates (58); 

an attachment plate (88) disposed next to said 
pressurizing means (66), said pressurizing 
means (66) being sandwiched between said at- 
tachment plate (88) and said other end plate 
(60); and 

bolts (92) fastening said backup plate (68) and 
said attachment plate (88) to each other there- 
by to fasten said plurality of fuel cells (14). 

3. A fastening structure according to claim 2, wherein 
said liquid chamber (62) is defined by a flexible met- 
al sheet (70). 

4. A fastening structure according to claim 3, wherein 
said flexible metal sheet (70) is fixed to a surface of 
sad backup plate (68). 

5. A fastening structure according to claim 3, wherein 
said flexible metal sheet (124) is fixed to a surface 
of sad one of the end plates (122). 

6. A fastening structure according to claim 3, wherein 
said flexible metal sheet (146) is in the form of a 
hollow enclosure and interposed between said one 
of the end plates (1 42) and said backup plate (144). 



7. A fastening structure according to claim 2, 3 or 4, 
further comprising: 

inner pressure control means (154) mounted 
on said backup plate (1 52) and communicating with 
5 said liquid chamber (62), for regulating an inner 
pressure of said liquid chamber (62). 

8. A fastening structure according to claim 1, further 
comprising: 

10 

a backup plate (1 52) positioned next to said liq- 
uid chamber (62), said liquid chamber (62) be- 
ing sandwiched between said backup plate 
(152) and said one of the end plates (58); 
an attachment plate (88) disposed next to said 
pressurizing means (66), said pressurizing 
means (66) being sandwiched between said at- 
tachment plate (88) and said other end plate 
(60); and 

20 bolts (92) fastening said backup plate (1 52) and 

said attachment plate (88) to each other there- 
by to fasten said plurality of fuel cells (14). 

9. A fastening structure according to claim 8, further 
25 comprising: 

inner pressure control means (154) mounted 
on said backup plate (1 52) and communicating with 
said liquid chamber (62), for regulating an inner 
pressure of said liquid chamber (62). 

30 

10. A fastening structure according to any preceding 
claim, wherein said pressurizing means (66) com- 
prises at least a pair of disc springs (86), (172). 

35 11. A fuel cell structure comprising a fastening structure 
as claimed in any preceding claim. 
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